ABSTRACT. Alpine glaciers are very sensitive to climate fluctuations, and their mass balance can be used as an indicator of regional-scale climate change. Here, we present a method to calculate glacier mass balance using remote-sensing data. Snowline measurements from remotely sensed images recorded at the end of the hydrological year provide an effective proxy of the equilibrium line. Mass balance can be deduced from the equilibrium-line altitude (ELA) variations. Three well-documented glaciers in the French Alps, where the mass balance is measured at ground level with a stake network, were selected to assess the accuracy of the method over the 1994-2002 period (eight mass-balance cycles). Results obtained by ground measurements and remote sensing are compared and show excellent correlation (r 2 > 0.89), both for the ELA and for the mass balance, indicating that the remote-sensing method can be applied to glaciers where no ground data exist, on the scale of a mountain range or a given climatic area. The main differences can be attributed to discrepancies between the dates of image acquisition and field measurements. Cloud cover and recent snowfalls constitute the main restrictions of the image-based method.
INTRODUCTION
It is now widely agreed that glaciers constitute a very good indicator of climate variations (Oerlemans and others, 1998; Houghton and others, 2001; Vincent, 2002) . Mass balance is directly dependent on climatic variables governing accumulation and ablation processes (Martin, 1974; Vincent and Vallon, 1997; Braithwaite and Zhang, 1999; Oerlemans and Reichert, 2000; Kaser, 2001) . Thus, measurements of glacier mass balance and an understanding of its relationship with climatic variables can help improve knowledge of recent and past climate fluctuations (Oerlemans and Hoogendoorn, 1989; Vallon and others, 1998; Vincent and others, 2004) . However, direct mass-balance measurements on the ground remain sparse due to the major logistical support required, and time series exceeding several decades are rare. In this context, many researchers have attempted to use information provided by remote sensing, based on the extensive image archives available for the past 30 years, to create databases and glaciological inventories (GLIMS (Global Land Ice Measurements from Space) program: Raup and others, 2000) . Since the 1970s, attempts have been made to apply remote sensing to glaciological surveys (Meier, 1979) . Østrem (1975) and Braithwaite (1984) presented the first snowline altitude measurements using remotely sensed data and compared them to glacier mass balances without attempting their reconstruction. The equilibrium line divides the accumulation zone (where the mass balance is positive) from the ablation zone (where the mass balance is negative). Its fluctuation in terms of altitude results in a change in the proportion of each of these areas with respect to the whole glacier and therefore a variation of the glacier mass balance. Thus the equilibriumline altitude (ELA) is well correlated with and provides a very good indicator of the glacier mass balance (Braithwaite, 1984; Kuhn, 1989; Paterson, 1994; Leonard and Fountain, 2003) .
In the present paper, we use the late-summer position of the snowline, which is easy to discern in satellite imagery, to infer the location of the equilibrium line, from which we estimate glacier mass balance. At this period, i.e. the end of the ablation season (and therefore of the hydrological year), the snowline can be associated with the equilibrium line on mid-latitude glaciers (Lliboutry, 1965) . The method was applied to three glaciers in the French Alps where field measurements can be used to check results.
DATA
Three glaciers included in a French glacier monitoring program (Laboratoire de Glaciologie et Géophysique de l'Environnement (LGGE)-Observatoire des Sciences de l'Univers de Grenoble (OSUG)) were selected for this study: Glacier d'Argentière in the Mont Blanc range, Glacier de Gébroulaz in the Vanoise range and Glacier de Saint-Sorlin in the Grandes Rousses range of the French Alps ( Fig. 1 ; Table 1 ). On these glaciers, annual mass balance was measured using a stake network covering the whole
